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I. SUMMARY

The Space En'vironment Simulation Chambers under construction

at the Manned Spacecraft Center, Houston comprise two large, man-

rated chambers for the training of astronauts and for the testing of
spacecraft in an environment simulating some of the parameters of outer

space. In addition to the chambers themselves, the facility includes

vacuum pumping systems, liquid nitrogen and gaseous helium refriger-

ation systems, a solar slmulation system, control and instrumentation,
and all necessary auxiliary equlpment.

Man-rating of the chambers involves the manlocks, access

arrangements and an emergency repressurization system. For the life

support of test subject personnel, environmental control systems are

included as well as monitoring systems and surveillance means to collect

physiological data and insure safety.

Hazards to which suited chamber subjects are exposed, as well

as the physiological results.of departure from nominal environmental

parameters, are presented as background for the description of the "

': systems and equipment specified for the MSC facility. An •important

safeguard for Chamber personnel is the emergency repressurlzation

sys_ei:n Which is describedin some de•tail. The external-environmental _.

c6ntgci-systems areidlso Outlined, as well as bio-medical monit0ring : "
" and surveillance syster_ s.''-I-

• The incorporation Of-man-rating adds significantly to the

complexity and cost of a simulationiacility. Although the primary
object of a test may. be concerned with a component or a spacecraft,

the design of the systems, the equipment configurations, and the test

phllosophy must reflect-tlae fact that humgn experimentation is involved:

":.:'_ Surveillance. and emle_y• .... rescue procedu_-i_'uS_"be established, to:
cover the entire range of potential casualties.

The design of tl_e Manned Spacecraft Center, Space Environment " '"

Simulation Chambersr, _resents the engineering solutions reached in
• : meeting the oper_

Aeronautics ar n'translat g these requir_



II. INTRODUCTION

A. GENERAL REQUIREMENTS FOR MAN-RATING

In order to simulate the complex mission of space vehicles

at orbital altitudes, government and industry have built and are building .
space environment simulation facilities. Some of these facilities

include provision for man-rating to simulate the effects on man of the

reduced pressures and thermal conditions existing in manned space
flight.

Significant change from the normal earth envlronmental para_rneters of

temperature, pressure and gas composition will result in his death,

hence a man-rated facility must provide an artificial viable atmosphere

_ for the test subject. Such a man-rated facility allows man in a space

suit, with an umbilical or back pack source of life support, to enter an

environment of reduced pressures resembling outer space to conduct

tests, operate test vehicles, be a subject for the gathering of physiolo-

.... gical and psychological data-,, and learn about and practice space survival
techniques. . .

...... The incbrp6'ration of man-:rating adds significantly to the complexity and
cost of a simulation facility. The design must include features which

_: iff_'_:_:,hi,_h :reliabilify--fo_i_ s:afe human- occupancy under normal conditions_

" '= .... andsa_e,"efficient:egrles_s:_nder emergency corlditions. The increased

" faCiii:t_?e'tuipments!"P_q_ui_eci:include additions tO the: chamber such as

. '.manlocks and afi:emer.gehc_':repressurizati0n,-,sysfel;n-. • The peripheral

- eqmpments,,, ..... include life::support:., systems, bio-medical monitoring and
".... ': surveiilancesystemS_iffdmedical facilities.

_"._.£:; ?_/?:'/)i:;.;;'B.;" :: ETHICAL IMPLICATIONS OF. MAN-RATING

The responslblhtxes and ethicaflmplxcatlons associated

with a man-rated space:simulation fadiiity C'anrt0t be over-emphasized.

Emergency conditions, during test periods may. logically be expected.
Thus,:* stringent re_tuirement s must be met reg'_rding surveillance 0f the

i::.- human subject and'emergency systems and procedures provided for

terminating reduced sures and other hazar mar e_ ton..
SimUlation_ Th'l

h_ _is ....



of research and investigative studies involving human physiological

:L responses and the combined evaluation of man and experimental

c.. protective equipment° These basic tenets provide guidance for the

establishment of design criteria for manrated space environment
simulation chamber s.

These ten principles are:

I. Voluntary consent of the subject is absolutely

essential. Consent must be based on knowledge

and understanding of the elements of the stud_ -_
and awareness of possible consequences. The

_- duty o_ascertaining the quality of •consent rests

-._ on the in.dividual scientist and cannot be delegated.

2. The experirnen_ should seek some benefit to

society, unobtainable by any other method.

3. : The experiment should be_ designed and based on

- _ ._ prior .animal Study, the natural hi•story Of the

-_. ] and Other data_ so that anti-

_._ -.,__ S may 3ustify the action taken.

_.i_/I _e Conducted to avoid unnecessary phy- _)_-' suffering. " . " . 7 .. - :,_/

......._' [ : :. should be undertaken- where there i,

:-i" .... is ieve that death or disability will

:- . ..: occur,_, exce.pt perhaps where the experimenter

: : :- _ " _ ._-[,i__ i' may _s_oiserve as his own subject.

.: ... 6.. ._, The-d,_ee.._-6f risk should nev_e-r_'xh_d that which , '

.-."::'/::-.i • t  -'imi o ti cel 0fthe problem',varrants. : -: "

_:i-:--7.:i_ _ _arati0n andadequi%e facilities.•. .

-" e subject against even• remote possi-
deatlJ '

Per_



i0. The investigator must. be prepared to end the

: experiment if he has reason to believe that its

continuation is likely to result in injury, disa-
_ bility or death.

C. HAZARDS

i. General. Hazard categories cover a wide area of

possibilities. The physiological consequences, to the extent that

they can be predicted, range from mild to critical depending on

circumstances. In a space simulation chamber the probability

of certain hazards and effects statistically outweig h o_h_er even-

_ii!_ : tualities, but emergency and rescue procedures must=be estab-

l_!I_i('i_ fished to cover the entire range of potential casualties. Space
chamber test subjects are exposed to hazards in the following

!.,_ a. Impairment of the artificial enwronrnent due to a

malfunction._ ,, of the ECS equipment or a failure of

suit or t_elrnet-pressure integrity caused by a rip,
zipper fail'fire or umbilical failure.

b. Charnber oper_ation such as the effects of emer-
='_ _'_:-_- gency rep_'essurization, solar radiation, or loss _

of charnh_r, illumination. "

:'-_ . Accidents.caused by cryogemc spillage from

rupture_s:_stems, burns from contact with heating •

.% . devices:,-"_\ti_sue damage from contact with cryo-

.i .... -- :_:/i__!::?':: "- .- geni:ci?Surfaces, missile effect of falling objects,

_ 1_ ....... ' ;_:_i_i:_.i: _ fire: 6r."e_losions of non-compatible materfals in " - "
...... - an. oxygen'atmosphere. " _: _ : ....... .

• Errors, in%Uagementor operatingprocedure by
test SubjeC'ts Or by chamber control personnel.

e. rsical irnpairrnent due to panic or
/' illn_



(a) Constituent gases. Constituent gases and their

partial and total pressures should be as follows:

Carbon Dioxide 0 - 8 torr

Water Vapor 5 - 15 torr

Oxygen 150 - 420 torr

Inert Gases 0 - 560 torr

Total Pressure 155 - 760 torr

(b) Temperature. With respect to temperature, it

_._..isdifficult to assign a required range slnce othe_z-fahtorstmust

be considered in maintaining a comfortable or-non-stressing

environment. As far as the human body is concerned, air

temperature, humidity, air velocity, alr density, insulation,

• - - - -and other factors act to produce the sensation of warmth or cold

:, - -°'thatis experienced .....For a chamber occupant his envlronment

should be maintained so that his internal body temperature
-_.. - -fluctuation is limited to about -+1.0°C.

"/ • "'- fin a high vacuUm environment, the extremely !0w gas densities

:!,i_ _-.::in,the chamber preclude significant convective'heat tran'sfer

. . .from the external suit surface. The primary mode is by

" . _ --radiation..Ho%vever'_ r_diant helt transfer is usually asmall

_'...-_ --,- : .... --:'. -percenta_e..of!the-total_,:.._......... . Unlessthe test subject's environmental

[_--t,{_,: - _ : 'j -:_¢ontrol system is capable of metabolic heat removal by , -
_i:' ....."_-:_--_-_:/:-_'_$ _L!:_,_'_entilation;_iint01e-rable._suit-tempe rature s will oc cur, impaikli/g

!-_--_:" - " his funchons. --

i .... - - ..... (c)."Humidity. From the viewpoint of body heat

i ..... ..... _:.dissipation.alone, the"_ange through which relative humidity

varies is no£"con£rolling, but other considerations make the

.m st deslra_relatlve-humldlty r_'_ge lie between 30 and 70

_,:- _ . :-::_-_per cent. :For-values much below 30 per cent, the mucous "

- " membranes and skin surfaces be&ome too dry for C0mfort and

health. For values above 60-70 per cent, there is a tendency

for a clammy or sticky sensation to develop.

,L:_- 3. Conditions of Emergeno E/iner conditions

):

I

):



decrease in temperature, may be sufficient corrective action.

Other situations will require that the test subject be removed from

the chamber in a normal fashion. The most critical circumstances

will dictate emergency repressurization of the chamber.

The following are some of the specific bio-medical hazards which

must be anticipated:

(a) Rapid decompression. The most extreme

bio-meclical hazard requiring corrective action is sudden

decompression of the zest suhjec_ because of the speed-with

which decompression sickness and its attendant symptoms

i-_,i!:.(. - - occUr. This -rhay°r*esUit:,for example,-fromiccidental

--. rupture of a space suit or- depressurization of the test vehicle,

. . exposing persormel to the full vacuum of the simulation chamber.

• At aft altitude equivalent of 47 torr (63,000 ft.), and at a

- normal body ternperature (37.5oc), the vapor pressure of

_water is.reac.hed. _This will, in the unprotected .subject,

='vi:..... Cause body fluids to be vaporlze.d-a_d gases contained in the

:_ =. lungs to be replacedby water!vapor. Thisphenomenon is

•_ :: known as ernbolism._:_A person could live for approxzmately

)!ii_ -35 se-cbnd_ be iow. 47. tor r.

...... " __:..Ifthe-press_re.drop(_during the decompression phase_is

i_%_"_(_.-_.7:.,i ........._;!,_-_:./_i.s_uffieientl_-r_pSd_-:tocreate a transthoraciC'preSsure

.....differential offapproximately 88 rnm Hg.:or more, severe

_: damage to the pulmonary tissues is probable, and death from

-_....... massive hei_n0r![hage may occur. The incidence of bends

.....- - ........ _ resulting frofn,expansion of body gases is very high Where

nitrogen constqtute_s a significant proportion Of the gaseous

environme_£_C_:hulatory collaps-e'_hl death are likely to

result Unless recompression is a¢complished in a sufficiently

.7- _hort time.

Therefore, to avoid death from a suit failure, it is imperative
" that man-rated space environment simulation chambers be

provided with the
capa_



As a reasonable procedure, the victin_ should be recon-_pressed

to more than 4:7 torr within 30 seconds. To pre\'ent the

secondary symptoms of hypoxia, further recompression within

an additional 15-30 seconds is needed. Recompression to one

atmosphere should be accomplished as soon thereafter as

possible. The maximum reconnpression rate may be taken as

approximately 1 psi/sec. In the event that bends occur, it may

be necessary to apply a pressure of Z-3 atmospheres as

quickly as possible. This will require the victim's removal

from the space simulator and transfer to an appropriate

recompression chamber.

(b) Oxygen. Deprivation. Hazards such as rapid

decompression, or other failures in the suiz-umbilical-/ECS

circuit will deprive chamber or vehicle personnel of their

oxygen supply. Body tissues continue to utilize stored oxygen

and anaerobic stores of energy until depleted. Massive

disruption of vital cells may occur leading to death. Elements

of the nervous system, particularly higher centers in the brain,

are highly sensitive to reduced oxygen and will be subject to

irreversible damage in several minutes if deprived of external

sources of oxygen. Immediate action is required to recompress

the subject or to restore a disrupted life-support system. An

oxygen partial pressure of i00 mm Hg. is a temporary

minimum oxygen requirement.

(c) Carbon Dioxide Excess. In a space suit or

test-vehicle cabin, the carbon dioxide partial pressure nlay

increase to dangerous proportions as a resul_ of malfunction of

the CO Z remow_l system. For normal operations, the carbon

dioxide partial pressure should not exceed approximately 8 tort.

Because CO2_becomes narcotic within several minutes at
approximately 75 torr, corrective action should be taken before

this level is reached. }Early detection of CO 2 buildup should

provide ample time to remove a chamber or vehicle occupanL

(d) Sound. Noise levels as high as 130 db can be

tolerated for periods up to 30 seconds without risk of tissue

damage resulting in hearing loss. This xs roughly equivalent to

the time period required to raise the chamber environment to

a life-sustaining pressure. Maximum noise levels would be

expected during this phase. Additional helmet and earphone

attenuation will raise the tolerance to approxlmately
140 to 150 db.



(e) Temperature. The wide temperature extremes

in the chamber produce the potential problem of frostbite caused

by accidental contact with the cryopanels. Skin temperatures

of 10°C (for hands) and 13°C (for feet) approximate the threshold

for frostbite. Quick removal and treatment of a frostbitten

subject is esse,ntial.

Failure of a suit heating system could result in an overall

cooling of the body. In the absence of protection against heat

loss, there is danger of lowering body temperature below the

lower limit for survival (Z5°C). Failure of the cooling system

in a space suit ECS may permit the elevation of suit temperature

when subjected to solar radiation. Although man has been known

to survive body heating to 4ZoC, the upper limit for optimum

physiological functioning is 40°C. In emergencies, the body can

tolerate environmental temperatures of 250 to 300°C for four
or five minutes. Sufficient time for corrective action should be

available.

(f) Other Emergency Considerations. Injuries of

• varying description and degree may result from accidental falls

and falling equipment. The space suit and helmet will serve to

• lessen the effects of these accidents. Minor or moderate

injuries will be best evaluated by the subject himself. The

:_: extent of more serious injuries which tend to be incapacitating

_'_, , . can be detected by lthe medical monitor. Nausea and vomiting

have serious implications and immediate removal of the subject

from the chamber is required. Voice communication from

_ affected personnel will be important in determining the extent
of illness.



III. MSC SPACE ENVIRONMENT SIMULATION CHAMBERS

A. PROJECT BACKGROUND

In February of 1962 proposals were invited from a number

of engineering firms to undertake a study to develop design criteria for

space chamber facilities required by the l_TationalAeronautics and Space

Administration at Houston. Bechtel Corporation was selected to per-

form this study which was carried on from March through July of 19o2.
The results were submitted to NASA in the form of a three volume

report covering studies, recommendations, cost estimates and design
criteria.

Subsequently Bechtel Corporation entered into a contract with -theCorps

of Englneers, Fort Worth District, for the design of the Space Environ-

ment Simulation Chambers for the Manned Spacecraft Center based on

the previously completed study. Design work commenced on September

her i0, 1962 and was substantially completed on August 14, 1963 with

the submission of the final package of plans and specifications to the

Corps of Englneers. The design was accomplished with the asslstance

of the following subcontractors and consultants:

Air Products & Chemical Corporation Refrigeration Equipment

Chicago Bridge & Iron Company Vacuum Vessels

General Electric C,ompany Data Handling System

Life Support System

Bio-medical Monitoring

National Research Corporation Vacuum Systems

The Rucker Company Lunar Plane Hydraulic
Drive

Dr. Raymond Chuan Emergency P_epressuri-
zation Effects

The design of the solar simulation system was conducted under a

separate contract between Radio Corporation of America and the

National Aeronautics and Space Administration.

The Space Environment Simulation Chambers are presently under con-

struction at the Manned Spacecraft Center at Houston. Bechtel Corpor-

ation maintains close liaison with the Spacecraft Area Office of the

i¸!I..¸



Corps of Engineers at Houston furnxshlng advice upon reqLtest related

to interpretation of the plans and speci(ication ac..d providing the

services of consultants as required.

B. DESCRIPTION OF THE MSC HOUSTON CHAMBERS

One of the principal units of the Manned Spacecraft

Center is the Space Environment Simulation Chambers facility which

will have the capability of simulati'.ag the environment of outer spac<,

and the lunar surface. This facility will be used for the tes_ir_g of

spacecraft and the training of astrunauts in prepara;ion for the Project

Apollo manned flights to the moon.

The simulation facility consists of four major structures - the chamber

refrigeration, pump and administration builoings. The chamber

building is a high-bay structure of approximately Z6,000 square feet
which houses two large man-rated space simulation chambers, related

services, and work areas. The larger of the two ciaambers provides

simulated space and lunar surface environments and is primarily

intended for combined tests involving men and Apollo spacecraft. The
smaller space chamber Will be utilized for life sciences studies and

astronaut training in addition to tests of single modules of the Apollo
spacecraft.

The refrigeration building contains the_liquid, nitrogen refrigeration

system, with a 2.80 KW.capacity for the chamber heat sinks. The

building also houses two dense gas helium units with a total capacity of

3.5 KW for the cryopumping system in the larger chamber. Adjacent

to the refrigeration building,storage is provided for approximately

100,000 gallons of liquid nitrogen. The pump building houses the

rough pumping system, repressurization system, service water

pumps, air comp*'essors and other auxiliary mechanical equipment.

The administration building contains the bio-medical services, the

control room, data handling areas and the facility offices.

The larger chamber, shown in Fig. 1. , designated Chamber A,consists

of a 65-foot diameter vertical cylinder, 80 feet in height with a

spherical top head and a bottom head of a semiellipsoidal form. The

vessel is constructed of Type 304 stainless steel and has an overall

height of 117 feet. The chamber will handIe a spacecraft of up to
approximately 75 feet in. height and Z5 feet in diameter.

A side-hinged vertical door for vehicle loading is located in the

cylindrical section of the vessel with the bottom of the opemng

approximately four feet below the lunar plane level. The door provides



a 40-foot diameter clear opening and nay b_, _lydrauiic;1lly opemzd, closed

and clamped from a rennote control pane}. -f]',erc_ are four individually

operated ZS-ton hoists located above the top head of the vessel. The

lifting hooks may be lowered through penetrations in the head during

set-up operations in the chamber.

A spacecraft weighing '150,000 pounds may be supported in Chamber A

in a vertical position on a rotating platform simulating a lunar plane

45 feet in diameter. The lunar plane rotation (¢-IS0 °) can be controiied,

manually or automatically, to a maximum rotational speed of I-Z/3 rpn_.

The lunar plane surface temperature is adjustable from l00°K to 400°K

by the circulation of liquid nitrogen through the surface panels or by the

use of electric heaters under the panels. Instrumentation leads and

liquid nitrogen will be conducted through the hollow shaft of the lunar

plane assembly.

The interior of the chamber is lined with black).nitr0gen cooled, heat

sink panels cooled to apl{/:o_'mately 1.00OK. Tothe•maximum practical

._- extent, all surfaces in the chamber viewed by the vehic_le consist of
heat sinks•. Cryopump surfaces, cooled by ga_e6us-_helium are

" " _ shielded from the test vehicl:e by o' . "." " .. :_:-_<¢:;:.__-: : ..... 100 Kqlq_idnitr_geK_cooled shrouds.

'" " The chamber vacuum system consists of.a Cbmbi_tio/_ of mechanical
o

- " and diffusion pumps and a20<K cryopump arral/using dense ga.seous
" helium. The chamber wilLpump downto 1 X 10v-5/t0rr in less than...

_" " " .._.::twlenty.-._o_r.,.hour'swith a gasin-leak Of Z7.:6 t'6_:r_:iiti/see-.. "

*-')•:'='......"....... Carbon arc solar, simulators of modular desi_!::_re mounted exterr_a]

-- to tt_:e chamber walls on one side and the top. :-'The Sim_ulators
.- Irradiate the vehicle through penetrations in the wall at an intensity

_-'!i_'..... - ..... ' of 60_o'i40watts/sq. ft..:The target area of the-side sun is 13 feet

wide by 33 feet high, expandable in the future to Z0 feet wide by

65 feet high. The target area of the top sun is 13 feet in diameter,

expandable to Z0 feet in diameter at som_"future date.

The smaller chamber, designated Chamber 35, consists of a 35 foot

diameter vertical cylinder, Z0 feet high with a hemispherical,

removable, flanged head, and a bottom head of a serniellipsoidal form.

The vessel has an overall height of 42 feet and is also constructed of
stainless steel.

The chamber will handle a vehicle up to a maximum size of 13 feet in

• diameter by 27 feet high. Vehicle access is _rovided by the removable

top head. A rolling bridge crane with a Cap_city of 50 tons will be

utilized to remove the chamber head or insert test objects in the

! ?:'



a 40-foot diameter clear opening and ._:a)' b_" _ydrauiicaiiy op,

and clamped from a remote control panel, There are four ln_

operated ZS-ton hoists located above the top head of the vesse

lifting hooks may be lowered through penetrations in the head

set-up operations in the chamber,

A spacecraft weighing 150,000 pounds may be supported in Ck

in a vertical position on a rotating platfor1_ simulating a luna

45 feet in diameter. The lunar plane rotation (t 18C o) can be

manually or automatically, to a maximun_ rotational speed o_

The lunar plane surface temperature is adjustable froml00°iK

by the circulation of liquid nitrogen through the surface panel

use of electric heaters under the panels. Instrumentation lea

liquid nitrogen will be conducted through the hollow shaft of t]

plane assembly.

The interior of the chamber is lined with black, nitrogen coo_

sink panels cooled to approximately 100°I_. To the maximum

extent, all surfaces in the chamber viewed by the vehicle con

heat sinks. Cryopump surfaces, cooled by gaseous helium a:

• shielded from the test vehicle by 100°K liquid nitrogen cooled

The chamber vacuum system consists of a combination of me

and diffusion pumps and a Z0°ll cryopump array using dense

helium. The chamber will pump down to 1 x 10 -5 torr in les_

twenty-four hours with a gas in-leak of 27.6 torr lit./sec.

Carbon arc solar simulators of modular design are mounted

to the chamber walls on one side and the top. The simulator,

irradiate the vehicle through penetrations in the wall at an in'

of 60 to 140 wattsj.sq, ft. The target area of the side sun is l

wide by-33 feet_k_gh, expandable in the future to 20 feet wfde

65 feet high. The target area of the top sun is 13 feet in dia

expandable to Z0 feet in diameter at some future date.

The smaller chamber, designated Chanuber B, consists of a

diameter vertical cylinder, Z0 feet high with a hemispherica

removable, flanged head, and a bottom head of a semiellipsc

The vessel has an overall height of 4Z feet and is also constr
stainless steel.

The chamber will handle a vehicle up to a maximum size of

diameter by Z7 feet high. Vehicle access is _rovided by the

top head. A rolling bridge crane with a cap_city of 50 tons

utilized to remove the chamber head or insert test objects iI



chamber. A spacecraft weight of 75,00_ po_z_ds may be supported orl

a fixed, simulated lunar plane Z0 feet i_ dian_eter. The lunar plane

surface temperature can also be controlled from 80°K to 400°I<. As

in Chamber A, the interior of the chamber is lined with black, nitrogen

cooled heat sink panels at approximatelyl00°K. However, no

cryopumping is provided. To the maximum practical extent, all

surfaces in the chambe.r viewed by the vehicle consist of heat sinks,

The chamber vacuum system consists of a combination of mechanical

and diffusion pumps. Chambers A and B use a con_rnon rough pumping

system. The chamber will pump down to i x 10 -4 torr in approximately

three hours with a gas in-leak of ZS. 7 torr lit./sec.

The Chamber B solar simulators are the same type as for Chamber A

except that Chamber B has a top sun only. The target area for the

sun is 5. 6 feet in diameter, expandable in the future to Z0 feet in
diameter.

Figures 2 through 4 show the general arrangemel_ of th_ facility in

plan and elevation with particular emphasis on man-rating features.



IV. FACILITY REQUIREMENTS FOR MAN-RATING

A. MANLOCKS

The increased facility requirements for man-rating

include additions to the chamber such as manlocks and an emergency

repressurization system. Personnel access to Chamber A during

testing is through a double manlock at the lunar plane level and a

single manlock at the platform level, elevation 31-feet. Additional

access during non-operati_e periods is through the 40-feet diameter

side door and by a door at elevation 6Z-feet which can be incorporated

into a future manlock. Access to Chamber B is provided by One

double manlock. Each lock unit has a nominal floor area 9-feet by

10-feet for the accommodation of three men. Except for the chamber

side doors of stainless steel, the locks are constructed of carbon

steel. Figure 5 is a sketch of a double manlock.

The double lock is composed essentially of two parallel single locks

: with interconnecting double doors. The double lock may be used for

astronaut testing exclusive of the main chamber. The doors through

i the chamber shell are designed to withstand full atmospheric pressure

from either side. The exterior doors and the interconnecting double

• doors in the double manlocks are designed for full atmospheric

i pressure only on the hinge side of the door. The exterior and interior

ill doors of the single manlocks are designed for full atmospheric pressure

on the hinge side only of the door.

All doors are side hinged and provided with quick-acting clamping

devices for initial seating of the door seal. The clamping devices on

all doors except the doors through the chamber wall are operable from

one side only and_are a fall-away type which permit the clamps to

disengage when_he doors become pressure seated.

The inner manlock door is capable of being opened from either inside

or outside by a man in a full pressure suit and has quick-opening

latches. The outer door is arranged to swing away from the lock and

is capable of being opened from the outside only. Doors have a min-

imum clear width of about 42 inches and a minimum height of 7-feet.

/Each manlock in Chambers A and B has its own mechanical vacuum

pumping system. The manlocks have the following specified

capability:

_1



Ultimate pressure of 5 x 10 _ torr with a gas

inleak of 5.0 torr ]iters/sec. from the operation

of two suited personnel.

Altitude control to maintain test pressure at a

_ pre-set point between 760 torr and 15 tort,
Maximum descent rate limited to I00 torll/_,inute.
Z

The following equlpmeht is iocatea on eachmanlock control panel:

Switches to operate the openings of the vacuuns

system for the manlock with appropriate indicators.

Controls for the altitude control system indicators

and recorders of pressure.

Door position indicators.

•- Valve position control and indicators.

Communications station,

l_,mergency repressurization switch.

_- B. REPRESSURIZA TION
Y

I. General. Several repressurization systems are

provided for the MSC Space Environment Simulation Chambers.

Primary emergency repressurization will increase the chamber

pressure__/.om 10 -5 torr to 6 -+i/g psia (310 torr) total pressure

and 4 ! I/2 psia {207 torr) oxyge-n-'partial pressure in 30 seconds.

Provision is made to hold the pressure at 6 psia. A secondary

emergency system will repressurize the chamber with air from

6 psia to 14. 7 ps.la within 60 seconds additional time after

completion of prlmary repressurization. Fast normal

repressurization will raise the chamber pressure from 10 -5

torr to 6 psia in 30 minutes and slow normal repressurization

will raise the pressure front 10 -5 torr to 14. 7 psia in 6 hours.

The time pressure profile for repressurization has both high and

low limits. The maximum time allowable is set by viability limits and

is a function of the recompresslon gas specie, The viable

environment depends upon a sufficiently high total pressure

- ,A_ ".... i "0. l:tlOnal zeprelsw_[zatlc_

hJ_ll. _-_ :l,la, t_t C_l_,.i(-,, . SI0w. nodal repre.sur-
- . . ,d-"6:hours__ The- gaeee-:use_

,E_:_ _ not been flnally determined.



and partial pressure of oxygen. The MSC chamber repressurization

system is based on the use of two gases: oxygen and nitrogen

An additional consideration in determining the limiting time to

attain a viable environment is the interval required for rescue

and to reach medical facilities.

A flow schematic diagram for the repressurization systerri is shown

in Fig. 6.

2. Primary Emergency Repressurization. Primary

emergency repressurization is accomplished by the rapi.d

release of nitrogen and then oxygen into the chamber from high

pressure storage sources. Nitrogen and oxygen are stored at

3300 psi in standby repressurizing gas cylinders. To compensate

for possible leakage of gases make up is provided from cylinders

at 4000 psi. The make up gas supplies are common to Chambers

; A and B and the gases are manually fed to the standby gas

-°_ cylinders whenever the gas pressure falls below limits. To

._i_ minimize infiltration of moisture and condensation of gases from

,_:i the atmosphere, the repressurizing gas pipe line immediately

,_¢ connected to the chamber penetrations is connected to a nitrogen

__ supply and maintained at 1-I/2 psia during standby conditions.

• _. At the initiation of repressurization and prior to the admission of

;_'.i,_ oxygen to the chamber, the diffusion pump valves close, the

I_<:_:< diffusion, pump quick cool valves oPen, the liquid nitrogen shroud
inlet and bypass valves open, the helium cryopanel outlet valves .'

close, all mechanical vacuum pumps stop, and low pressure

.'i nitrogen is admitted to the diffusion pumps and vacuum
lines.

..... After initiation of repressuriza'tion, parallel explosive valves

" V-I and V-Z open increasing the differential pressure across

diaphragms D-I to 4 causing them to rupture. The nitrogen is

released to flow from standby storage into the chamber. Valves

V-7 through V--ll are sequentially opened releasing oxygen. These

high pressure valves are connected in parallel for redundancy and

to provide necessary capacity. They function as variable

i restricting orifices to regulate the flow ra_e, gas velocity, and

_. pressure and maintain a reasonably uniform mass flow.

.:.!- The nitrogen and oxygen are introduced into the chamber at four

places through vacuum valves V-3_through V-6. As the gas

enters the chamber, it is diffused through four perforated



C-headers into a plenum space and u|)m}_.rd through liquid nitrogen

cooled baffles which direct the gas approximately equally to the

front and rear of the shroud to prevent excessive dynamic forces

on the shroud or test subjects. The perforations in the

C-headers are holes 2-i/2 in. diameter spaced at 4-in. centers.

3. Design Considerations.

(a) Temperature. To meet the performance

requirements for maximul_ and minimum temperatures, the

timing and gas flow rates in the system must be optimized

from theoretical and practical considerations. Three major

factors affect the gas temperature in the chamber after

repressurization. These are adiabatic or flow work, the

: Joule-Thomson effect, and surface heat transfer.

Upon initiation of emergency repressurization the gas is

• allowed to expand from the high pressure cylinders into the

low pressure chamber. The gas at the higher pressure begins

to cool, due to isentropic expansion, while that at the lower

.:[__;: pressures in the chamber begins to increase in temperature.

< Being non-ideal gases the nitrogen and oxygen also exhibit a

• temperature drop after throttling from high pressure to low

pressure due to the Joule-Thomson effect. As soon as the

temperature of the repressurizing gas differs from the

_%. "surrounding surfaces, such as the vessel walls and cryogenic

_':_. panels, heat tr_hsfer occurs. In the system design, each ofu:.

_ these three phenomena were analyzed separately and then

['_ superimpose d to obtain the final solutions. Figure 7 shows

%:_: typical pressure, time, temperature relationships after

,-.. " initiation of emergency repressurization.

.... _, " lJ_ Gas Expansion and Compression. The

_.. gas experience_ llow work on entering the chamber

from the storage system. Therefore, the gas

temperature in the chamber rises at the initiation

of repressurization. This rise in temperature will

be of the order of Z00°F. However, there is also a

cooling effect due to gas expansion in the storage

cylinder. If the gas from the cylinder were allQwed

to expand indefinitely, the stored gas temperature

would theoretically drop to absolute zero. Excessive

drops in gas temperature would cause liquefaction and

solidification of the gas. By adjusting the retained

_: volume of stored gas the resultant temperature due to

the compression and expansion may be limited to a

llzactic_iJ_aiUe, .... -.

[ . _

/ - r.', ' ' ' • "



2. 'l'_e J_uie-'i'nonT_on Effect. The Jou_e-

'rhon_son effect pl,ty.s _ il_pL)rtant role in rvpressuriz_-

tion utilizing stored high pressure gases. When nitrogen

at 80°F is throttled from 3300 psi to attmosphere it will

experience a tel_perature drop of approximately 100°F.

The gas temperature at the end of three seconds is

determined by the expansion and compression and the

Joule-Thomson effect. _["histemperature is maintained

as high as is practical in the present system. However,

the temperature of the gas after primary emergency

repressurization to 6 psia is primarily, determined by

lieat trinsfer with the cryogenic shroud.

3. Heat Transfer. The chamber conta%ns

' large surfaces which behave as an active heat sink to the

repressurized gas, The principal surfaces are the

liquid nitrogen shroud, helium cryo arrays, and the

chamber walls° Figure 7 shows the average gas tem-

perature at the center of the work zone and the cryopanel

temperature with and without the addition of heat. It

can be expected that the temperature near the cryopanels

will be considerably lower than the average.

(b) Gas Heating. To raise gas temperature after

primary emergency repressurization meansfor heating the gas

is provided. The system consists essentially of a blower and

' fin and tube steam heat exchanger. A portion of the repressuri-

zing gas is drawn from the top of the chamber and, after

being heated is returned to the bottom of the chamber. The per-

i forated C-headers located in the chamber plenum are utilized

for recirculation of the gas.

(c) Dynamic Gas Flow. While problems related to

rapid decompression define the pressure time profile necessary

in emergency repressurization_ other physiological considera-

tions impose additional constraints on the system. Dynamic air

pressure encountered by an astronaut during emergency

repressurization of the chamber may present problems similar

to those experienced by a pilot being ejected from an aircraft•

An unrestrained and unprotected astronaut in a space chamber

is subject to the hazards of injury resulting from being thrown

to the floor, against hard objects or cryogenic surfaces. To

minimize the possibility of injuries from these causes, gases

are baffled and the dynamic pressures reduced to the maxlmum

practicable extent. The supports and sizing of cryogenic system



elements in the chamber are design_d with consideration also

being given to the dynamic gas forces involved during emergency

repressurization.

(d) Oxygen Compatibility. Consideration has been

given to problems associated with oxygen and hot diffusion pump

oil during chamber emergency repressurization. The fluid in

both the manlock vacuum pumps and in the chamber diffusion and

roughing pumps is oxygen compatible to prevent explosion or fire.

In addition, all materials in the chamber which may come in

contact with an oxygen environment have been selected on a basis

of oxygen compatibility. All exhaust or relief lines from the

: oxygen system are ducted outside the facility building or vented
into a safe areai

I (e) Other. The rate of pressure increase is limited

i to a maximum of 0. 5 psi/sec, to prevent injury to personnel

caused by too rapid pressure changes. To limit further the noise

level in the cha_nber to acceptabl e levels, a silencer reducer is

provided in the repressurization system.

4, Secondary Emergency. Following emergency re-

pressurization to 6 psia, itmay be desirable to hold the chamber

at this pressure level for a considerable period of time. if the

.. _ situation requires :raising chamber pressure to atmospheric pressure

: without delay, this may be accomplished within 60 seconds utilizing

-:-_:_ : : atmospheric air admitted through valves V-ig and V-13.

5. Normal Repressurization. This system will raise

the chamber frorn 10 -5 torr to 6 psia in 30 minutes or to 14. 7 psia
i

: :: . within 6 hours as required, Filtered atmospheric air is employed
i

as the repres_:surizing medium. Air is introduced into the re-

! pressurization header through either of two parallel isolation valves,
i

i " V-14 and _-15, one fora fast rate and the other for a slow rate, and
into the chamber through valves V-3 through V-6. The air filter,

blower and heater for the normal repressurization system are also

used for Chamber heating and ventilation.

6. Manlocks Repressurization System. The manlock

emergency system has the capability of raising manlock pressure

to 6 psia within 30 seconds and to one atmosphere within approx-

imately 90 seconds. To repressurize a m anlock, atmospheric air

is admitted through a filter, restricting orifice, vacuum valve and

T-header. To minimize acoustic level an_pressure shocks, the

T-header is perforated and located below the floor inside the



manlock. The repressurizing air is then directed

through slotted openings along the side walls.

C. CONTROLS

Separate, independent repressurization control systems

are provided for the main chamber and for each n_anlock. The

design provides for the initiation of emergency repressurization by

loss of space suit pressure or by the actuation of a switch on the

bio-medical control console. Suitable baro-switches and circuitry

in the space suits can be provided to initiate repressurization upon

loss of suit pressure. Redundancy to ensure system reliability is

provi_ledby utilizing two independent circuits.

To avoid false tripping in case of baro-switch failure, the system is

designed so that repressurization is initiated only if two of the three

baro-switches in the same suit make contact. For manual operation

of emergency repressurization console switch contacts are connected

in parallel with the baro-switch relay contacts and produce an

essentially identical sequence.

Provision is made for a "hold" switch on the bio-medical console

which provides the bio-rnedical monitor with the capability of holding

all emergency repressurization functions in the event the monitor has

reason to evaluate the extent of the emergency before permitting

repressurization to proceed.



V. LIFE SUPPORT REQUII{EME!'_'£S

A. GENERAL

Life support system requirements for the Space Environment

Simulation Chambers include specialized equipment and dependable

operating procedures. The equipment includes: the ECS, or environ-

mental control system, which produces, regulates, maintalns and deliver_

the ecological environn_ent for the subject; the control, instrumentation

and data handling system which monitors, controls and records bio-

medical and life support data associated with the subject; and the sur-

veillance system which provides constant monitorlng of the subject. In

addition, .but outside the scope of this project, life support requlrements

include the space sult, helmet and umbilical connections which enclose

the subject and protect him from the hostile chamber envlronment. Also

required are medical equipment and procedures to 'pre-flight" examine

the subject,affix bio-medical sensors, suit the subject and test space

suit integrity, "post-flight" examlne and treat the subject and provide

emergency treatment in case of accidents.

B. ENVIRONMENTAL CONTROL SYSTEM

i. General Description. The ECS provides all basic

life support requirements for personnel wearing space suits and

subjected to pressures from one atmosphere to high vacuum.

Several techniques have been considered to provide the basic

functions. The internal system based on a self-containecl-'back

pack is described in a later section for future use. The external

system using an umbilical cord is the primary system for the

Space Environment Simulation Chambers at Houston.

The ECS system is a closed loop, single gas system which pro-

vides breathing and ventilating oxygen to suited subjects through

umbilicals connected to penetrations in the chamber and manlock

walls. The oxygen is recirculated and conditioned in a closed cycle

system to control and monitor _otal pressure, carbon dioxide

partial pressure, temperature, flow and relative humidity. A

flow diagram for a typical ECS is shown in Figure 8

An ECS includes all the mechanical equlpment external to the

chamber or manlock which supplies the conditioned gas to the

chamber penetration and the necessary instrumentation and control

of the system. The mechanical equipmen't'-_ncludes the external

interconnecting lines, penetration fittings or closures and ECS
modules.



Z. Requirements. Following are the performance require-
ments established for each ECS.

a. The system will have a cooling capacity of 2000 Btu

per man.

b. The system will be designed for a total umbilical-pressure

suit pressure drop less than g. 0 psi.

c. The system will provide gas flow per suit up to Z0 cfm

at up to 20 psia, equal to 144 ibs/hr.

d. The breathing and ventilation gas will be pure oxygen.

e. The system will provide suit operating pressures between

i 3. 5 and 5.0 psia.

f. The system will provide gas inlet temperatures from

40°F to 70°F and variable relative humidities.

,. g. The system will provide a CO Z partial pressure below
8 torr.

t 3. ECS Modules. Eight ECS modules are provided for

the facility. Each module will function over a pressure range from

14. 7 to zero psia and may be used for either chambers or their

manlocks. Each module will supply the requirements for three test

subjects. Parallel ECS modules are connected to each chamber and

rnanlock and each module is connected to all penetrations in chamber

or manlock respectively.

Chamber A_ill have ten active ECS penetrations and four blanked

off (for future upgrading). Six ECS penetrations are accessible at

the lunar plane elevation and four are located at elevation 31-feet.

Chamber B will have six ECS penetrations at the lunar plane

elevation. Each of the manlocks (three on Chamber A and 2 on

Chamber B) will have two penetrations which will support three

test subjects. Each ECS rriodule consists of the following oxygen
compatible eqmpm ent:

a. Positive displacement blower to provide circulation.

b. Heat exchanger and refrigerator to cool gas and condense
moisture.

c. Carbon dioxide absorbers in parallel to provide capacity
for regeneration.



d. Mechanical va.c'au_T_ p',_mp t(; evacuate mocule

or components priur to filling with breathing oxygen.

e. After cooler and heater to control gas temperature to

test subject.

f. Oxygen storage for normal and emergency make-up.

g. Instrumentation for control and monitoring of critical

parameters such as temperature, flow, carbon diox-

ide partial pressure, etc.

4. Operation. The operation of a chamber ECS is

described as follows: ....

", Prior to connecting a suit umbilical the system is evacuated with the

:: vacuum pump and repressurized with breathing quality oxygen. The

oxygen for normal make up and filling is stored in two Z000 psi cylin-

ders, each containing approximately 16.5 pounds. A supplemental

• storage consisting of four oxygen cylinders provides increased capa-

I city necessary in the event of suit or umbilical failure during anoperational run. The oxygen is supplied to the system ahead of the
blower,

During normal operation the absolute pressure control valve V-I maln-

talus a pre-set pressure at the inlet to the blower by regulating the

oxygen flow from the make-up oxygen supply. In the event of an

increase in chamber pressure above 0 psza, the differential pressure

' controller (DPC-I) operates valve V-Z to raise the pressure and main-

tain a Z. 5 psi pressure differential between the inside of the suit and

the chamber pressure. In the event of a decrease in chamber pressure

DPG-I opens valve V-3 to reduce the ECS pressure to maintain the

Z. 5 psi pressure differential. In the event of system rupture, pressure

suit failur_or excessive leakage, DPC-I opens valve V-4 to supply

sufficient flow fron_ the emergency O Z supply. The EGS also provides

control from DPC-Z to operate PVC valve V-5 to maintain a proper

p_:essure differential across the space suits.

The exhaust gas from the test subject is pressurized by the blower.

The flow in a bypass around the blo-_ver is automatically regulated to

provide the desired pressure drop and flow through the system. After

discharge from the blower, the oxygen is cooled in a heat exchanger to

lower the temperature and humidity. Excess moisture is condensed and

drained into a collection reservoir. Suitable valving allows the conden-

sate to be drained without interrupting operation of the ECS. The oxygen

is then passed through a selective filter to absorb the carbon dioxide.

Before returning to the test subject the oxygen is cooled and reheated a_



each penetration to provide ti_e proper temperatare for ventilating

flow to each suit. Each suit temperature may be individually controlled.

5. Monitoring. Two identical, free-standing consoles

are provided in the Gontrol Room complete with the instrumentation

necessary to monitor all environmental control systems corres-

ponding to each chamber and manlock. The consoles are designed to
accommodate two seated monitors_ one for the spacecraft cabin

EGS and one for facility EGS. The following variables are presented

on the facility EGS console:

Monitors and alarm lights

Total system pressure

I Partial O Z pressure

Partial CO Z pressure

Ventilating 02 flow

Make up Ozflow

i_ Alarm lights only

]'
Emergency O Z storage pressure

Make up 02 storage pressure
Condensate collector level

ECS outlet temperature

The panels on the ECS modules include the following equipment

and readouts:

Partial 02 pressure analyzer with indicator

Partial GO g pressure analyzer with indicator

Supply/return differential pressure controller

Total pressure indicator

Ventilating 02 flow indicator

Switches and lights for instrunnent power, blower,

vacuum pumps, condensing unit and coolant pump.

C. BIO-MEDIGAL MONITORING

1. General. Bio-medical monitoring includes the

instrumentation and systems of data acquisition for monitoring

ecological and physiological parameters of test subjects in the

chamber. The purpose of the instrumentation is to acquire data

involving human physiological responses fo_ the combined evaluation

of the subject and experimental protective equipment, and to permit



surveillance at all times of the physiological psychological and

environmental status of the test subject. Principal elements of

a physiological or bio-medical instrumentation system are the

sensors on the man and the associated circuits which transmit

bio-medical data to the bio-medical control center. SeeF1gure 9

for a typical bio-medical system information flow diagram and

control panel definition.

Physiological and environmental parameters are displayed on

meters and indicators on the bio-medical consoles in the facility

control room. Here, bio- medical monitoring personnel,- by

surveying the instruments and communicating with the test suoject

by voice and TV links, are cognizant of his status and can take

appropriate action when required to insure his safety. As an

added precaution, automatic alarms are provided to sound when

parametric values follow unfavorable trends or exceed safe limits.

g. Bio-medical Monitor Console. Two bio-medical

..... monitoi_ consoles are provided in the control room, one for each*:7_5%7 -_

: chamber, furnished with the instrumentation necessary to monitor

physiological and suit environmental parameters necessary for

,.:_ .the. test subject in the space environment. Each console is

arranged to accommodate two seated persons. The arrangement

,:::., permfts ,monitoring six subjects, each with his own corresponding

• - -'_""s_* Of Vertically arranged instruments. In addition, both end

....... panels of t.heconsole are removable so that future consoles

modules may be added. Each console is fitted with instruments
as follows:

(a) Location Display. A display is provided to

show the location of the test subject being monitored.

(b) Subject Identification. A card holder is provided

for insertion of the monitored subject's identification.

(c) ECS Module. A card holder is provided for

identification of the monitored subject's life support system
in use.

(d) Elapsed Time of Test Readout. A five digit

display of elapsed time is provided to count the number of one-

second pulses and continuously display:the elapsed time of a
test.



(e) Subject Parameler Meters. Meters with vertical

scales, high and low limit sittings, and colored status indicator

lights are provided for the following paranleters:

Respiration rate - scale 0 to 60 counts per minute.

Body temperature - scale 90 to 105oF.

Suit pressure - scale 0-20 psia.

Partial pressure CO 2 - scale 0-20mnz Hg.

Suit inlet temperature - scale 40 to iC0°F.

(f) Parameter Recorder. A rnuiti-channel__variable

speed, oscillograph recorder is provided to accept signals frown the

subject parameters displayed on the console.

(g) ECG/Blood Pressure Oscilloscope. An oscillo-

scope is provided for display of either the test subject electro-

cardiogram wave form or blood pressure.

(h) Chamber Emergency Repressurization Switches.

Two switches are provided in the center of the console fact for

initiation of emergency repressurization, one is colored red and
labeled EMERGENCY REPRESSURIZATION START and the

other is black and labeled EMERGENCY REPRESSURIZATION

HOLD.

3. Surveillance of Test Subject. One of the most

important features of a man-rated space chamber is adequate

provision for surveillance of the physiological and psychological

condition of the subject. In addition to bio-medical sensors,

continuous surveillance of test personnel in the MSC chambers is

provided by direct visual observation, by television, and by voice

communication.

(a) View Ports. Direct visual observation is the

most obvious and least complex method of surveillance. View

ports are provided in the chamber and manlock walls to permit

observation of test subjects by the test conductor and bio-

medical observers. There are nine view ports in the cylindrical

portion of Chamber A and four in the top head, one in each of the

four top hoist hatch_overs. Chamber B contains four view ports.

The double manlocks contain _en view ports and the slngle man-
lock on Chamber A has five.

Two view portsfrom the manlock to chamber are provided, one

located on the side and the other in the inner manlock door.

These are to be used by standby and



rescue personnel in the manlocks for observation during the

progress of tests. _Allview ports are ten inches in diameter,

of double walled glass with a desiccant between.

Lighting is provided for the interior of the chambers and manlocks

and is connected to the emergency power system to preclude the

possibility of failure during test conditions.

(b) Television. Complete closed circuit televlsion

systems are provided to permit observation of personnel in

Chambers A and B and associated manlocks. The systems con-

sist of cameras, control units and monitors. In each chamber

three cameras are placed to view the lunar plane, and one to

give coverage of the upper part of the test article, in Chamber

A a fifth camera views the walkway at elevation 31-feet.
Cameras within the chambers are fitted with zoom lenses and

are mounted on remotely controlled pan and tiltunits. A fixed
lens camera is located outside each manlock to view the

interior through a special port.

Two similar consoles, one for each chamber, are provided in

the control room for mounting monitors and controls. Tele-

vision monitors are located at the test conductor's console,
bio-medical consoles and television control consoles and are

fitted with i0 channel selector push button units to permit

switching to selected cameras.

(c) Voice Communications. An operational

communication system is provided consisting of multi-point,

two-way, voice communication stations located at vaPious

control consoles and panels throughout the control room and

at other points where control of a test may be exercised. A

special feature of the station on each bio-medical console is a

series of three pushbuttons which permit private conversations

between the bio-medical console operator and any one of d-.e

three subjects in the chamber or manlock supervised by that

particular statxon. The test conductor stations are also

capable of monitoring the conversations between hio-medical

console operators and test subjects.

The communications system normally operates from a IZ0 volt,

60 cycle supply, but on power failure, an automatic switch

transfers the system to a 28 volt, emergency standby battery

supply.



VI. PERIPHERAL EQUIPMENT

A. MEDICAL FACILITIES

A medical area is included in the facility to support

rescue, examination and treatment of test subjects, as well as to pro-

vide for normal medical services associated with test operations.

The size of the medical area was determined by the anticipated number

of subjects that will be involved simultaneously in a test. The medica/

area has been located as close as practicable to the test chamber and

will provide necessary space for the required examination tables, and

such equipment as a respiratory resuscitator, a cardiac monitoring and

resuscitation unit, emergency surgical instruments, rolling stretches,

drugs, etc. The medical facility should also have a recompression

chamber capable of holding one recumbent person and an attendant.

This dnit is needed in the event decompression sickness does occur.

In addition to the above facilities for emergency procedures, the

medical area should also include a test subject preparation area where

pre-test physical examinations are conducted, a bio-medical area for

fixing sensors to the subject, a space suit area for assisting the test

subjects into space suits, and an area for testing integrity of the space
suit and bio-medical instrumentation.

A denitrogenation room is included to prepare the test subjects prior

to entrance into the vacuum chamber. Here, test subjects in space

suits breathe oxygen to purge nitrogen from their bodies and reduce

the possibilities of the bends, or decompression sickness.

An alP-conditioned, clean area is needed for the proper storage, main-

tenance and testing of space suits and equipment. The area and

facilities must be capable of accommodating the personnel required

for the test mission, as well as those standing by for relief or rescue
functidns.

B. EMERGENCY POWER

An emergency power source is provided to supply the

environmental control systems, the biomedical monitoring systems,

and the emergency lighting system, Emergency power automatically

comes on the line, supplying these systems in case of a primary

power failure to the facility. The system is designed to provide power

for the period of time necessary to allo_v safe exit of personnel from
the chamber.



C. FUTURE REQUIREMENTS

Development work is in progress on portable back pack

ECS. The back pack consists of a closed loop, self-contained, self-

powered EGS carried by the subject. A microwave link is used for

voice communication and bio-medical monitoring. When back packs

are in general use, umbilicals may no longer be required. The use of

back packs will result in increased mobility for chamber workers and

should provide greater flexibility in testing. Back packs will be used in

actual space flight, orbital rendezvous and docking and exploration of

lunar and planetary bodies, and therefore provision must be included

for their testing ind use in space simulation facilities.

I. BackPack Exhaust. The presently conceived

back packs continuously exhaust water vapor which results from

suited occupant's respiration and other body functions. The

exhaust gas load :from a back pack is estimated to be about one

Ib/hr of water vapor. One pound of water vapor per hour represents
i a virtual condensable leak of IZ0 torr liters/sec.

(a) Effect on manlock. The introduction of the

back pack gas=load into a manlock will require special features

i : to permit venting of the manlock to the chamber without causing
an excessive pressure rise within the chamber. Two methods

i may be used to handle back pack exhaust in the manlocks:

• (i) removal_of water vapor from the manlock by exhausting

..... through an umbilical to an external ECS, or (g) removal by
! •

condensation through the addition of cryocondensing surfaces

connected to the manlock. The operation of back packs in a

manlock at higher pressures consistent with the capacity of

the pumping system is permissible. However, in this case

• it is necessary to remove the additional water from the

: mechanical pump oil of the manlock pumping system by an

auxiliary system,

(b) Effect on Ghamber. To operate diffusion and

cryogenic pumps, it is necessary to evacuate the chamber with

a roughing system to a pressure below t x lO -2 torr. The

roughing system is not designed to handle back pack exhaust,

hence, auxiliary equipment is required. The back pack exhaust

may be connected by an umbilical to the chamber ECS. The

ECS may be modified to handle the water vapor. After

operating pressure is achieved, and with the heat sink cooled to

liquid nitrogen temperature, the umbilical may be disconnected

and water vapor exhausted to the chamber walls.

d, Paragrap_-VI_ Co - Mlcrc_'ave link bio-me41cal monitoring4. not cont,mpla.e'd<at thia



As an alternate, the b;_ck pdc_.s n_ay be operated _n the chamber

below 10 torr during th_ roughi_g cycle _ith the hea_ sii_k

cooled. The heat sink would condense the chan_ber water vapor

and the back pack exhaust causing frost which would have an
effect on environment simulation and test duration. The

sources of gas from the back packs are assumed to be at

unspecified locations in the chan_ber. Primary radial molecular

diffusion from these point sources will innpact on test article

walls and on other line of sight surfaces. The water vapor wzl!

probably condense as fro_t, primarily on tintinner wall of the

heat sink. The cTyodeposit will build up on _he surfaces and will
have a resultant effect on thermal simulation.

The temperature of a vehicle operating in a vacuum environment

will depend on the surrounding heat sink temperature and

absorptivity. Both apparent heat sink tenqperature and absorp-

tivity are dependent on the thickness of the cryodeposit. For

operating periods up to one month duration, and considering the

effects of several back packs operating at one pound per hour

discharge rate in a large chamber, the variation in apparent

heat sink temperature due to cryodeposits is probably

negligible. Variation in absorptivity depends on wave length but

is probably negligible.

Back packs will also have an effect on c}_amber pressure as a

I- function of the ratio of back pack exhaust and heat sink surface

area. The diffusion pump stations will be exposed to the vapor

evolved. However, only a small amount of gas would escape

primary or secondary impingement on the intercepting envelope

and _ould be largely condensed before reaching the pumping
station inlets.

Z. Communications. Three receiving antennas are

mounted inside both chambers for picking up bio-medical data and

voice communication from the subjects' back packs. Three

separate 8" inside diamter, chamber shell penetrations are

provided at IZ0 ° spacing above the lunar plane level to permit

antenna coaxial feedthrough. The telemetry receiving unit will

be part of ground support equipment (GSG) and will provide a con-

tinuous D.G. slgnal of 0 to 5 volts for each subject's measurements

desired on the Bio-medical Console. ]Each of the D.C. signals will

be routed by cable from the GSG to the respective Chamber Junction

Rack where the signal will enter the exist!ng umbilical wiring
system. Mounting plates for antenna support and cable connections

to suit the selected antenna will be provided on the work zone side

of the cryopanels.
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FIGURE I. AP_TIST'S CONCEPTION CHAMBER A
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iFIGUR.E 2. LONGITUDINAL SECTION
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